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ARTICLE INFO ABSTRACT 
Article History: Introduction: The global ban on antibiotics as a feed additive, prompted by concerns over 
Received: 02/01/2024 microbial resistance and the accumulation of antibiotic residues in animal products, has 
Revised: 01/02/2024 urged researchers to explore natural alternatives. These alternatives modulate the gut 
Accepted: 19/02/2024 microbiota and enhance animal production performance. This study aimed to assess the 

Published: 25/03/2024 impact of Allium sativum on the production performance of broiler chickens. 

Materials and methods: A total of 280 day-old broiler chicks were examined for 42 days. 
check for After being sexed, they were randomly allocated into five groups, each consisting of 14 
A, updates chicks, with four replications. The control group was fed on a ration without additives 


(RO-). The treatment groups consisted of a control diet supplemented with 1 g of 
antibiotic Doxycycline® per kg of basal diet and per liter of drinking water (RO+) and 5 g 


Keywords: garlic per kg of basal feed and also per liter of drinking water (RAs), respectively. To 
Allium sativum facilitate the oral administration, the solution was absorbed by charcoal from the fruit 
Broiler chicken stones of Canarium schweinfurthii at a rate of 100 g and 100 ml per kg of diet and per liter 
Digestibility of drinking water, respectively. The investigated parameters included growth 
Growth performance performance, microbial flora, markers of kidney, and liver function, and feed digestibility. 

Gut microbiota Results: The results revealed Allium sativum significantly decreased feed intake, feed 


conversion ratio, serum aspartate aminotransferase, alanine aminotransferase, and 
urea levels regardless of the administration mode in broiler chickens, compared to the 
negative control. When administered through both feed and drinking water, garlic 
significantly increased live weight, weight gain, and lactic acid bacteria count, compared to 
the negative control. Feeding garlic to broilers had insignificantly affected the digestibility 
of feed components irrespective of the administration mode. 

Conclusion: In conclusion, Allium sativum can effectively serve as a feed additive in 
broiler diets or drinking water, promoting growth performance without harming 
kidney and liver functions. The present findings help address concerns about 
antibiotic resistance and residues in poultry products. 


1. Introduction 


Microbial resistance and the accumulation of antibiotic | researchers have turned to natural alternatives capable of 
residues in animal products have led toa worldwide banon modulating the gut microbiota and improving animal 
antibiotics as feed additive!?. Faced with this situation, production performance. These alternatives include 
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products derived from plants, commonly known as 
phytobiotics, which have bioactive compounds that 
positively affect the growth performance of animal?*+. These 
feed additives include a wide range of dietary herbs and 
spices, which contain a wide variety of volatile and non- 
volatile chemical substances with aromatic, medicinal, or 
nutritional properties?>6. Garlic (Allium sativum) is a plant 
with extremely varied therapeutic and nutritional properties 
78, Studies have identified the presence of active substances 
that positively impact animal performance’. These 
substances include saponins, terpenoids, anthocyanins, 
flavonoids, tannins and phenols?®, possessing 
antibacterial!!12,  anti-fungal!314, antioxidant! and 
antiviral properties’. Rinkesh et al.1”7 reported that 0.1% 
garlic has a beneficial effect on the growth performance, 
carcass yield and production cost of broiler chickens. In the 
same line, Franciszek et al.!8 reported that 2.25 mg garlic 
extract/kg feed increased feed intake, body weight and 
carcass yield in chickens at 42 days. The positive effect of 
garlic on increasing body weight in chickens may result from 
feed digestibility improvement and the modulation of the gut 
microbial composition. Garlic and garlic products have 
shown a broad antibiotic spectrum against gram-positive and 
gram-negative bacteria and are effective against many 
common pathogens and intestinal bacteria responsible for 
diarrhoea in humans and animals?!%. Chiang et al.2° showed 
the stimulatory effect of organosulfur compounds in garlic oil 
on nitric oxide and prostaglandin E2 in stimulated 
macrophages, which may be associated with the antibacterial 
activity of aqueous garlic extract. In poultry, phytobiotics are 
generally incorporated into the feed, but they can also be 
incorporated into the drinking water. Although garlic has 
already been the subject of numerous studies in animal feed, 
the results obtained is always inferior to those of antibiotics, 
probably due to the loose of the active compounds during 
processing. These compounds could be better preserved if 
administered to the animals as supplementation. This 
hypothesis was the main reason for the present study, with 
the main objective to assess the effects of oral administration 
of Allium sativum on the digestibility of feed components and 
production performance of broiler chickens. 


2. Materials and Methods 
2.1. Ethical approval 


This study was carried out in strict accordance with the 
recommendations of institutional guidelines for the care 
and use of laboratory animals. Chickens were humanly 
handled with respect to the ethical standards laid down in 
the 1964 Declaration of Helsinki and its later amendments. 


2.2. Study area 


This study occurred at the Teaching and Research Farm 
(TRF) of the University of Dschang, Cameroon between 
January and February 2022. The TRF is located between 
05°26' and 5°44' north latitude, and 9°94 and 10°06 east 
longitude, at an altitude of 1,420 m above sea level. The rainy 


season lasts from mid-September to mid-November and a 
dry season for the rest of the year. Rainfall varies between 
1,500 and 2,000 mm per year. The average temperature is 
around 21°C and the average relative humidity is 76.8%. 


2.3. Feed additive 


Allium sativum bulbs were purchased at the Dschang 
market, Western Cameroon. The garlic was washed, 
crushed using a Moulinex (China), and then soaked in a 
hermetically sealed bucket for 3 days for fermentation in 
the proportions of 500g of garlic/liter of water. After 
fermentation, the resulting solution was filtered through 
Wattman paper (3 MM). The filtrate recovered was 
administered to the chickens through drinking water and 
feed. A preliminary test on 100 broilers was carried out to 
determine the quantity of solution to be administered per 
liter of drinking water, and the dose of 5 ml of garlic per 
liter of water was adopted. 

In order to facilitate the oral administration of the garlic 
into the feed, 100 ml of the material was absorbed by 100g 
of charcoal from Canarium schweinfurthii seeds. The 
solution absorbed in the charcoal was evaporated in a 
ventilated oven at 50°C for 24 hours and the charcoal 
containing the garlic extract was incorporated in the 
chicken feed at a rate of 5g of charcoal/kg of feed2!. 


2.4, Animals 


A total of 280 day-old Cobb500 strain chicks were sexed 
and randomly divided into 5 groups with 4 replicates of 14 
chicks each, including 7 males and 7 females. They were 
reared on litter at a density of 20 chicks/m/? at the brooding 
phase and 10 chicks/m? at the finishing phase. Feed and 
water were provided ad libitum throughout the trial. 


2.5. Prophylaxis 


The chicks were vaccinated against infectious 
bronchitis (H120® Holland) and Newcastle disease 
(Hitchner B1® Holland) on day 7 with a booster on day 18 
and against Gumboro disease (IBA Gumboro® Holland) on 
day 10. An anti-stress (5 g in 2 liters of water, 
INTROVITA+WS, Holland) agent was added to the drinking 
water for the first 3 days, as soon as the chicks entered the 
brooder and each time before and after vaccination and 
weighing of the chicks. A foot bath was placed at the entrance 
to each rearing house and the disinfectant consisted of bleach 
and cresyl, which was renewed every 3 days. 


2.6. Experimental diets 


Chickens in the control group were fed on ration (RO-) 
without additives (Table 1). The other treatment groups 
consisted of a control diet supplemented with 1 g of 
antibiotic Doxycycline® per kilogram of basal diet and per 
liter of drinking water (RO+) and 5 g garlic per kilogram of 
basal feed and also per liter of drinking water (RAs), 
respectively. 
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Table 1. Composition of experimental diets at the starter and finisher 
phases for 42 days of the study 


, Starter Phase Grower Phase 
Ingredients (% Dry matter) (1-21 days) (22-42 days) 
Maize 60 67 
Cotton seed cake 5 5 
Soya bean meal 49 22 15 
Fish meal 5 5 
Wheat bran 2 2 
Shell 1 1 
Premix 5%* 5 5 
Total 100 100 
Analyzed chemical composition 
Crude cellulose (% DM) 3.15 3.25 
Calculated chemical composition 
Metabolizable energy (kcal/kg) 2977 3108 
Crude protein (%) 23.01 20.3 
Energy /protein 129.4 153.1 
Calcium (%) 1.05 1.03 
Phosphorus (%) 0.6 0.6 
Calcium/Phosphorus 1.75 1.72 
Lysine (%) 1.4 1.2 
Methionine (%) 0.5 0.45 
Lysine/Methionine 2.8 Poll 
Cellulose (%) 2.43 2.61 


*Premix 5%: Crude protein: 40%, Calcium:8%, Phosphorus:2.05%, Lysine: 
3.3%, Methionine: 2.40%, Metabolizable energy: 2078 kcal/k, Vitamin A: 
3,000,000 IU, Vitamin D3 600,000 IU, Vitamin E: 4,000 mg, Vitamin K: 500 
mg, Vitamin B1: 200 mg, Vitamin B2: 1000 mg, Vitamin B6: 4000 mg, 
Vitamin B12: 4 mg, Iron: 8000 mg, Cu: 2000 mg, Zn: 10,000 mg, Se: 20 mg, 
Mn: 14,000 mg, DM: Dry matter, ME: Metabolizable energy 


2.7. Production performance and biochemical markers 


Throughout the study period (1-42 days), growth 
parameters (feed intake, water consumption, weight gain, 
live weight, and feed conversion ratio (FCR) were collected 
weekly. At the end of the study, 5 female and 5 male 
chickens were randomly selected from each group. They 
were then fasted for 24 hours to evacuate all digestive tract 
contents, weighed, plucked, and eviscerated without 
anesthesia. Carcass yield and relative weights of organs 
were calculated. Moreover, intestine length was measured 
using a measuring tape, and intestine density was 
calculated by dividing the intestine length by the intestine 
weight. 

_ Amount of feed consumed (g) 


ao Weight gain (g) 


In the next step, 5 ml of blood samples from jugular vein 
were collected in tubes without anticoagulant was used to 
measure alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), Urea, Creatinine, Triglyceride, Total 
cholesterol, high-density lipoproteins (HDL) and low-density 
lipoproteins (LDL) Cholesterol according to _ kit 
manufacturers’ instructions (Chronolab®, Barcelona, Spain). 


2.8. Gut microbiota 


At the end of the trial (42 days), fecal samples were 
collected from the cloaca of four chickens per treatment 
(two males and two females), using cloacal swabs and 
immediately used for the identification and quantification 
of lactic acid bacteria, FE. coli and Salmonella in their 


respective specific culture media, for determining of Lactic 
acid bacteria, the culture medium used was lactobacilli 
M.R.S AGAR produced by Acumedia® (India) and ISO 9001 
reference. The final pH was 7.5 + 0.2 at 25°C. The 
preparation procedure consisted of dissolving 70 g of this 
medium in 1 liter of distilled water in an Erlenmeyer flask, 
then heating with frequent stirring until complete 
dissolution. This medium was autoclaved at 121°C for 15 
minutes. For E. coli, the culture medium used was Mac 
Conkey Agar manufactured by Liofilchem® (India, 
diagnostic and reference ISO 610028). The final pH was 7.1 
+ 0.2 at 25°C. The preparation procedure consisted of 
pouring 51.5 g of the suspension into 1 liter of distilled 
water, and then heating the mixture until completely 
dissolved. Finally, it was autoclaved at 121°C for 15 
minutes. For Salmonella, the culture medium used was SS 
AGAR of reference ISO 610042 and produced by 
Liofilchem® (India) diagnostic. The final pH was 7 + 0.2 at 
25°C. The preparation procedure consisted of pouring 52 g 
of the suspension into 1 liter of distilled water, then boiling 
until complete dissolution without autoclaving according 
to the manufacturer’s prescription. The inoculum was 
prepared by decimal dilutions, which consisted of placing 9 
ml of physiological water in tubes numbered at the base by 
the type of sample and the dilution number. The swab 
bearing the sample was then introduced into the first tube. 
The latter was shaken to homogenize the solution (S1), 
then 1 ml of S1 was taken with a micropipette and 
introduced into the second tube to complete the solution to 
10 ml, thus obtaining the 10-2 dilution. After homogenizing 
this solution, the procedure was carried out up to the 10-8 
dilution. 1 ml of the 10-6 and 10-8 dilutions of each sample 
was taken and introduced into a petri dish each 22. The 
previously prepared solution of each culture medium (MRS 
Agar, SS Agar, and Mac Conkey Agar) was introduced each 
time just after the introduction of the inoculum into the 
petri dish and homogenized. 


2.9. Digestibility of feed components 


The apparent digestive utilization coefficients (aDUC) of 
feed components were evaluated for 6 broiler chickens, 
including 3 males and 3 females, per treatment for 3 
consecutive days. The 6 chicks per treatment were kept in 
the digestibility cages, and tarps were placed underneath the 
cages after 3 days of the adaptation period to collect faces 
from each replicate. Feed was weighed before feeding. 
Afterward, faces and feed refusals were collected and 
weighed daily for 3 days. Fecal samples were oven-dried at 
60°C to constant weight for proximate analysis of DM and 
organic matter (OM) following AOAC processes??. Neutral 
Detergent Fiber (NDF) was determined by Van Soest et al. 24 
method, and crude protein (CP) by the Kjedhal method. The 
apparent digestive utilization coefficients (aDUC) of DM, OM, 
CP, and NDF of the experimental diets were calculated. 


2.10. Statistical analysis 


The statistical software Statistical Package for Social 
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Table 2. Feed and water intake in broiler chickens fed with Allium sativum during 42 days of the experiment 


Period (days) Diets 
y Mode of administration RO- RO+ RAs p-value 
Feed intake (g) 
Feed 1249.69+28.40> 1204.59+52.81> 0.011 
1-21 Water penta nes 1247.52#79,259 1162.8013.25> 0.012 
p-value 0.262 0.093 
Feed 3131.63+39.55» 3073.05+140.37> 0.005 
22-42 Water HOES REAVES 3557.79+190.388 2936.974133.07> 0.005 
p-value 0.097 0.810 
Feed 4381.32+66.80° 4277.644192.99> 0.004 
1-42 Water a 4805.32+115.144 4099.78+4142.45> 0.001 
p-value 0.264 0.504 
Water intake (ml) 
Feed 2870.14+20.22 2939.43+107.33 0.258 
1-21 Water pes ohe at 2812.444+142.01 2771.07+79.25 0.095 
p-value 0.211 0.425 
Feed 8365.86+649.78 8421.38+283.75 0.992 
22-42 Water ee, 7925.904241.04 7872.794260.79 0.088 
p-value 0.096 0.616 
Feed 11236.004633.51 11360.814824.55 0.966 
1-42 Water fist eben) 207 10738.34#99.240 10643.86#334.23> 0.031 
p-value 0.179 0.269 


ab Means same letters on the same line are not significantly different (p > 0.05); RAs: Diet supplemented with 5g of Alium sativum via feed and water; 
Group 1: RO-: Ration without additives (negative control), Group 2: RO+: 1g Doxycycline®/kg feed, Group 3: RO+: 1g Doxycycline®/liter water, Group 4: 5 


g Allium sativum/kg feed, Group 5: 5g Allium sativum/liter of water 


Sciences (SPSS version 20.0) was used for the analyses. All 
collected data were submitted to a one-way analysis of 
variance (ANOVA). Duncan’s multiple range test was used 
to separate significant levels at p < 0.05. The normality of 
data was tested by the Shapiro-Wilk test. 


3. Results 
3.1. Chicken feed and water consumption 


Regardless of the study period, chicken feed intake 
decreased significantly with the oral administration of 
garlic in the feed and drinking water, compared to the 
negative control (p < 0.05, Table 2). The decrease in feed 
and water intake was observed to be 11.12% and 
15.11% during the starter phase (1-21 days), 19.09% 


and 24.65% during the finisher phase (22-42 days), and 
16.85% and 21.92% over the entire study period (1-42 
days), respectively. 


3.2. Growth performance 


At the starter phase and throughout the trial period, the 
live weight and weight gain of chickens orally administered 
garlic via feed or drinking water increased significantly 
compared to the negative control ratio (p < 0.05, Table 3). 
When comparing the administration modes across all study 
periods, no significant difference was recorded among the 
treatment groups for live weight and weight gain, except in 
the starter phase. In this phase, the incorporation of the 
antibiotic into the drinking water induced an increase in 
the live weight of the 


Table 3. Effects of different treatments on live weight and weight gain in broilers chickens over a 42-day study period 


Period (days) Diets 
Mode of administration RO- RO+ RAs p-value 
Live weight (g) 
Feed 7 718.93+3.2 148 746.95+35.898 0.001 
1-21 Water ere 767.07+40.65% 794.95 46.152 0.002 
p-value 0.021 0.738 
Feed : 2245.78+106.518 2250.07+79.492 0.020 
22-42 Water eee 2308.46427.782 2319.314+91.184 0.004 
p-value 0.099 0.625 
Weight gain (g) 
Feed 691.34+20.758 719.36+438.002 0.001 
1-21 Water Tee AU e 739.48456.798 710.03+27.102 0.003 
p-value 0.211 0.425 
Feed 1526.854108.41 1503.104293.89 0.306 
22-42 Water Lit eee 1541.39424.30 1552.69+119.36 0.102 
p-value 0.096 0.616 
Feed _ 2218.184124.96 2222.48+59.014 0.018 
1-42 Water te eae 2280.87+35.148 2262.714135.72 0.008 
p-value 0.179 0.269 


a bMeans same letters on the same line are not significantly different (p >0,05). 48: Means same letters in the same column are not significantly different 
(p>0.05); RAs: Diet supplemented with 5g of Alium sativum via feed and water; Group 1: RO-: Ration without additives (negative control), Group 2: RO+: 
1g Doxycycline®/kg feed, Group 3: RO+: 1g Doxycycline®/liter water, Group 4: 5 g Allium sativum/kg feed, Group 5: 5g Allium sativum/liter of water 
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Table 4. Feed conversion rate in broiler chickens fed with Allium sativum during 42 days of the study 


Period (d Diets 
eriod (aye) Mode of administration RO+ RAs p-value 
Feed conversion ratio 
Feed 2.3440.082 1.81+0.07> 1.68+0.16> 0.001 
1-21 Water 1.70+0.20° 1.6440.07> 0.001 
p-value 0.111 0.120 
Feed 2.58+40.144 2.0640.13> 2.05+0.03» 0.002 
22-42 Water 2.31+0.158 1.90+0.18> 0.006 
p-value 0.895 0.071 
Feed 2.5140.128 1.98+0.09» 1.92+0.04> 0.000 
1-42 Water 2.1140.07 1.82+0.14¢ 0.001 
p-value 0.587 0.062 


a b,c: Means bearing the same letter on the line are not significantly different (p>0.05); RAs: Diet supplemented with 5g of Alium sativum via feed and 
water; Group 1: RO-: Ration without additives (negative control), Group 2: RO+: 1g Doxycycline®/kg feed, Group 3: RO+: 1g Doxycycline®/liter water, 


Group 4: 5 g Allium sativum/kg feed, Group 5: 5g Allium sativum/liter of water 


chicks by 6.28%, compared to the batch that received the 
antibiotic in the feed (p > 0.05). 


3.3. Feed conversion ratio 


The incorporation of Allium sativum, irrespective of the 
mode of administration and the study phase, induced 
significant decreases in the feed conversion ratio compared 
to the negative control (p < 0.05, Table 4). With the 
incorporation of this phytobiotic in the feed, FCR decreases 
by about 39.29% at the starter phase, 25.85% at the 
finisher phase (22-42 days), and 30.73% over the entire 
study period. Via drinking water, Allium sativum induced 
decreases in feed conversion ratio for about 42.68%, 
35.79%, and 37.91% respectively at the starter phase, 
finisher phase, and over the entire study period. 


3.4, Carcass and digestive organ characteristics 
The incorporation of Allium sativum into the feed and 


drinking water did not significantly affect the carcass 
characteristics, relative organ weights, and digestive organ 


measurements of broiler chickens (p> 0.05, Tables 5 and 
6). 


3.5. Gut microbiota 


Whatever the mode of administration, garlic has no 
significant effect on lactobacillus and salmonella counts (p 
> 0.05). However, although comparable to the negative 
control, the phytobiotic tends to increase the number of 
lactobacilli in the digestive tract of broilers. Allium sativum 
incorporation as a feed additive reduced the number of 
Escherichia coli by 6.41% compared to the negative control 
(p < 0.05, Table 7). 


3.6. Liver function and renal function markers 


Supplementing broilers with garlic via water and feed 
induced a significant decrease in the serum AST and ALT 
content compared to the negative control (p < 0.05). 
However, this additive had no significant effect on serum 
protein content regardless of the mode of administration 
(p > 0.05). 


Table 5. Effects of Allium sativum on carcass characteristics of broiler chickens during 42 days of the study 


Characteristics (% Diets 
LW) Mode of administration RO- RO+ RAs p-value 
Feed 72.944 2.99 73.51+1.49 USPEALS 0.254 
Gress Water 73.564 2.53 73.82+ 0.64 0.780 
p-value 0.097 0.133 
Feed 2.2340.27 2.3440.22 2.3640.15 0.652 
Head Water 2.25+0.17 2.2240.14 0.902 
p-value 0.317 0.873 
Feed 3.77+ 0.26 3.95+ 0.42 4.03+ 0.41 0.396 
Legs Water 3.94+ 0.53 3.97+ 0.55 0.698 
p-value 0.459 0.237 
Feed 1.83+0.26 1.73+ 0.11 1.774 0.15 0.777 
Liver Water 1.8140.17 1.8840.13 0.217 
p-value 0.278 0.698 
Feed 0.53+ 0.09 0.52+0.05 0.54+0.09 0.743 
Heart Water 0.53+ 0.07 0.514 0.07 0.780 
p-value 0.442 0.783 
Feed 1.19+ 0.29 1.13+ 0.46 0.82+ 0.27 0.215 
Abdominale fat Water 1.09+ 0.27 0.884 0.22 0.465 
p-value 0.115 0.762 


RAs: Diet supplemented with 5g of Alium sativum via feed and water; Group 1: RO-: Ration without additives (negative control), Group 2: RO+: 1g 
Doxycycline®/kg feed, Group 3: RO+: 1g Doxycycline®/liter water, Group 4: 5 g Allium sativum/kg feed, Group 5: 5g Allium sativum/liter of water, LW: 


Live weight 


Table 6. Measurements of digestive organs according to the mode of administration of Allium sativum during 42 days of the study 
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Diets 
Characteristics (% LW) Mode of ; RO- RO* RAs Reratne 
administration 
Feed 1.60+0.23 1.52+0.13 1.70+0.20 0.076 
Gizzard weight Water Gone 1.74+0.07 1.61+0.15 0.295 
(% LW) p-value 0.143 0.178 
Feed O2680.04 0.21+0.05 0.24+0.04 0.476 
Pancreas weight Water i 0.22+0.07 0.21+0.04 0.465 
(% LW) p-value 0.922 0.639 
Feed 182,58+ 20,63 184,58+ 35,77 0,887 
eae nee Water Ee il 199,20419,75 188,084 28,09 0,902 
p-value 0.077 0.966 
Feed 95,92+ 12,57 94,80+23,38 0,987 
Weishe ar intestine a) Water 10302 33028 94,42+ 17,05 94,67+ 11,73 0,932 
p-value 0.077 0.726 
Feed 056+ 0.16 0,53+ 0,06 0,54+ 0,20 0,864 
Density of intestine (g/cm) Water ear, 0,47+ 0,09 0,51+ 0,10 0,765 
p-value 0.290 0.174 


PV: live weight; RAs: Diet supplemented with 5g of Alium sativum via feed and water; Group 1: RO-: Ration without additives (negative control), Group 2: 
RO+: 1g Doxycycline®/kg feed, Group 3: RO+: 1g Doxycycline®/liter water, Group 4: 5 g Allium sativum/kg feed, Group 5: 5g Allium sativum/liter of 
water; LW: Live weight 


Administration of garlic through drinking water to 
broilers induced a significant decrease in serum urea 
content compared to the negative control (p < 0.05). In the 


same line, supplementing broiler feed with Allium sativum 
significantly lowered the serum creatinine level compared 
to the negative control (p < 0.05, table 8). 


Table 7. Gut microbiota count in broiler chickens according to different routes of administration of Allium sativum during 42 days of study 


Bacteria count Diets 
(Log 10 CFU) Mode of administration RO- RO+ RAs p-value 
Feed 9.42+0.61 9.72+0.03 11.7840.71 0.212 
Lactobacilli Water 9.7640.15 12.0140.61 0.128 
p-value 0.075 0.956 
Feed 4.98+0.462 5.39+0.098 4.6840.33> 0.014 
Escherichia coli Water 5.44+0.20 4.33+0.58 0.291 
p-value 0.700 0.880 
Feed 5.95+0.01 5.90+0.09 5.75+0.05 0.103 
Salmonella Water 5.98+0.07 6.02+0.0 0.058 
p-value 0.058 0.216 


ab Means same letters on the line are not significantly different (p > 0.05); RAs: Diet supplemented with 5g of Alium sativum via feed and water; Group 1: 
RO-: Ration without additives (negative control), Group 2: RO+: 1g Doxycycline®/kg feed, Group 3: RO+: 1g Doxycycline®/liter water, Group 4: 5 g Allium 


sativum/kg feed, Group 5: 5g Allium sativum/liter of water; UFC: Colony forming unit per liter of water 


Table 8. Effects of different treatments on liver and kidney function markers in broiler chickens during 42 days of study 


Diets 
Parameters Mode of RO- RO+ RAs p-value 
administration 
Markers of liver function 
Feed 144.05416.844 89.19413.52» 97.25+7.408 0.000 
Water 148.76£27.354 102.49+17.49b4 0.009 
AST (ULL) p-value 0.295 0.038 
Feed 132.17£27.348 84.68416.85» 90.44410.58» 0.007 
Water 132.17427.34> 167.09+6.254 100.83+7.07¢ 0.000 
EMU p-value 0.182 0.401 
Feed 4.3540.22 4.35+0.18 4.4440.17 0.563 
Total protein (g/dL) Water 4.36+0.13 4.31+0.13 0.799 
p-value 0.342 0.394 
Markers of renal function 
Feed 3.10+0.74° 2.7640.765 4.4340.602 0.003 
Creatinine(mg/dL) Water 2.65+0.68 2.7140.32 0.432 
p-value 0.288 0.198 
Feed 19.5240.44 19.65+0.53 19.5740.42 0.861 
Urea Water 19.5240.442 19.29+0.572> 18.8440.41> 0.046 
(mg/dL) p-value 0.951 0.611 


a,b,c: means same letters in the same row are not significantly different (p>0.05); 4 8: means same letters in the same column are not significantly different 
(p>0.05); RAs: Diet supplemented with 5g of Alium sativum via feed and water; Group 1: RO-: Ration without additives (negative control), Group 2: RO+: 
1g Doxycycline®/kg feed, Group 3: RO+: 1g Doxycycline®/liter water, Group 4: 5 g Allium sativum/kg feed, Group 5: 5g Allium sativum/liter of water; 
AST: Aspartate amino transferase, ALT: Alanine amino transferase 
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Table 9. Evaluation of cholesterol and triglyceride in broiler chickens fed Allium sativum via different routes during 42 days of study 


P. t Diets 
Pees Mode of administration RO- RO* RAs p-value 

iehconde Feed 107.20+5.14 107.144+4.56 104.2145.19 0.403 

(UI/L) Water 109.06+7.19 107.554+4.22 0.807 
p-value 0.109 0.645 

Total cholesterol Feed 161.64+6.20° 179.65+7.614 155.56+5.34>4 0.000 

(UI/L) Water 161.64+6.208 146.74410.50° 155.04410.8428 0.034 
p-value 0.542 0.042 

Cholesterol HDL Feed 33.0744.07> 51.17+10.888 32.36+5.10> 0.001 

(UI/L) Water ZONES eZ 30.51+5.08 0.434 
p-value 0.373 0.772 

Cholesterol LDL Feed 104.7749.85 108.3446.61 104.26+3.05 0.284 

(UI/L) Water 102.02+9.08 104.57+3.36 0.586 
p-value 0.303 0.693 


a,b: means same letters in the same row are not significantly different (p>0.05); 4.8: means same letters in the same column are not significantly different 
(p > 0.05); RAs: Diet supplemented with 5g of Alium sativum via feed and water; Group 1: RO-: Ration without additives (negative control), Group 2: RO+: 
1g Doxycycline®/kg feed, Group 3: RO+: 1g Doxycycline®/liter water, Group 4: 5 g Allium sativum/kg feed, Group 5: 5g Allium sativum/liter of water 


3.7. Total cholesterol and triglycerides 


Oral administration of garlic as a phyto additive had 
no significant effect on serum triglyceride and LDL- 
cholesterol content in broilers (p > 0.05). However, serum 
content in total cholesterol and HDL-cholesterol 
decreased significantly with the garlic administration via 
feed, compared to the group of broilers fed on antibiotics 
via feed (p < 0.05). Via drinking water; this phyto- 
additive significantly increased (p < 0.05) the serum 
content of Total cholesterol compared to the group of 
broilers supplemented with antibiotics via drinking 


water (Table 9). 
3.8. Digestibility of feed components 


Regardless of the mode of administration, garlic 
incorporation did not significantly affect the digestibility of 
feed components (p > 0.05). Although not statistically 
significant, the digestibility of dry matter (DM), organic 
matter (OM), and crude protein (CP) showed an increase 
with the administration of this phyto-additive to broilers 
via both feed and drinking water compared to the negative 
control (Table 10). 


Table 10. Effects of the method of administration of Allium sativum on the digestibility of food constituents 


Diets 
Ee) Method of administration RO- RO* RAs p-value 
Feed 81.50+0.65 84.8241.84 82.23+1.84 0.086 
aDUC Dry matter Water 81.36+2.89 83.69+2.97 0.463 
p-value 0.634 0.301 
Feed 86.51+0.39 88.3841.07 86.8341.75 0.209 
aDUC Organic matter Water 86.53+1.07 87.68+1.75 0.639 
p-value 0.532 0.612 
Feed 93.44+0.38 94.32+0.67 93.09+0.73 0.113 
aDUC Crude protein Water 93.78+0.23 94.3241.11 0.350 
p-value 0.187 0.640 
Feed 79.9042.95 77.3041.61 73.7846.39 0.272 
aDUC NDF Water 81.1843.16 83.4843.95 0.468 
p-value 0.408 0.334 


RAs: Diet supplemented with 5g of Alium sativum via feed and water; Group 1: RO-: Ration without additives (negative control), Group 2: RO+: 1g 
Doxycycline®/kg feed, Group 3: RO+: 1g Doxycycline®/liter water, Group 4: 5 g Allium sativum/kg feed, Group 5: 5g Allium sativum/liter of water; aDUC: 
Apparent digestive utilization coefficient; DM: dry matter; OM: organic matter; NDF: Neutral detergent fiber; CUDa: coefficient of apparent digestive 


utilization PB: Crude protein 


4. Discussion 


Allium sativum supplementation induced a significant 
decrease in feed and water intake in broilers, irrespective 
of the mode of administration and the study period. This 
low feed intake could be due to allicin, an organosulphur 
responsible for garlic's repellent taste 2°. This result is 
similar to those of Jimoh et al 26 who reported that garlic 
reduces feed intake without degrading the feed conversion 
ratio in chickens. The present results are contrary to the 
findings of ManSoub and Myandoab 2’, who reported that 
incorporating garlic into the feed at low doses (0.125 and 


0.25%) significantly increased feed intake in chickens. 
Similarly, Elagib et al.28 showed that 3% garlic powder 
increased feed intake by 27% and feed efficiency by 22%. 
The decrease in water intake recorded in this study 
corroborates the findings of Necdem et al.29 who reported 
that the incorporation of Pentadiplandra brazzeana 
powder at increasing rates in the drinking water of broilers 
resulted in a linear decrease (p < 0.05) in water intake. 
This low water intake can be the consequence of the strong 
odor of bioactive molecules such as allicin contained in 
garlic, which prevents the birds from consuming more 
water and feed. 
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Regardless of mode of administration, feeding chickens 
with Allium sativum significantly increased live weight and 
weight gain. This result is similar to that of Lewis et al.3° and 
Al-Kassie et al.31 who reported a positive effect of garlic on 
live weight and weight gain of chickens. It has also been 
reported in numerous studies that supplementing broilers 
with garlic improved the live weight 3233. Similarly, the 
addition of variable rates of garlic extract (1, 1.5, and 2.25 
ml/kg feed) improves chicken live weight by up to 5.8%34. In 
contrast, Mohebbifar and Torki* reported that the inclusion 
of garlic powder in broiler chicken diets did not affect body 
weight, feed intake, and feed conversion. In the present study, 
the improved live weight and weight gain of broilers fed on 
garlic could be due to the action of allicin, which inhibited the 
growth of pathogenic bacteria by interfering with bacterial 
cell metabolism®. Garlic is also thought to improve the 
activity of pancreatic enzymes and activate the digestive 
system, a process that promotes nutrient absorption and 
ultimately growth?’ 

Oral administration of Allium sativum resulted in a 
significant drop in the feed conversion ratio. This drop in 
feed conversion is the logical result of a drop in feed intake 
and a significant increase in weight gain observed in the 
chickens. This result is similar to that of Mahmood et al°8, 
who reported an improvement in feed conversion when a 
garlic grind was fed to broilers at a dose of 5g/kg of feed. 
However, Amouzmehr et al.39 found no significant effect of 
garlic extracts at 0.6% on broiler feed conversion. 

The incorporation of Allium sativum into the diets did 
not significantly affect the carcass characteristics, relative 
organ weights, and digestive organ measurements of 
broilers, regardless of the mode of administration. This 
result is in agreement with the findings of another study?°, 
indicating no significant effect with the incorporation of 
0.25% of the ginger-garlic mixture in the chicken feed on 
carcass characteristics. Aji et al.41 reported similar results 
with garlic and onion in broilers. 

Oral administration of garlic induced a non-significant 
increase in the lactobacilli count in the digestive tract of the 
chicken. Work by Navidshad et al 42 revealed that the 
antibacterial effect of aqueous garlic extract is comparable 
to that of the antibiotic enrofloxacin. This result suggests 
that incorporating Allium sativum promotes the 
development of o. Some experiments indicate that this 
plant can improve the intestinal microflora of chickens. 
Allicin has a bactericidal effect that limits the development 
of pathogenic bacteria 43. This result is in agreement with 
the work of Peinado et al.!2, who reported that 
supplementing broiler feed with garlic extract at doses of 
45 and 135 ml/kg reduced the number of enteropathogens 
and improved the ileal mucosa and growth performance. In 
the same line, Ismoyowati et al.44 reported that aqueous 
garlic extract has considerable growth inhibitory activity 
against E. coli and S. pullorum. Kumar et al #5 reported that 
the mixture of plant extracts (Eugenol) and _ garlic 
attenuated the effect of necrotic enteritis and improved the 
intestinal health of chickens. This activity is attributed to 
the numerous phytochemical compounds (phenols, 
flavonoids, and thiosulfate) present in garlic in varying 


concentrations and their synergistic effect*®. 

Oral administration of garlic induced a significant drop 
in serum AST and ALT content compared with the negative 
control. This result is in agreement with the findings of El- 
Latif et al.4” who stated that the addition of 100 and 200 mg 
garlic oil/kg feed significantly reduced the concentration of 
AST in broilers. The decrease in liver function markers in 
the present study remains within the normal threshold and 
is thought to be due to bioactive molecules such as diallyl 
disulfide and trisulfide present in garlic. Administration of 
garlic via water and feed to broilers had no significant 
effect on serum total protein concentration. This result is 
similar to the result of Onu et al.4° who revealed that the 
addition of 0.25% of the ginger-garlic mixture to the 
broiler diets did not significantly affect serum total protein 
concentration. Contrary, Oleforuh-Okoleh et al.48 reported 
that 50 ml of aqueous extract of the ginger-garlic mixture 
per liter of drinking water significantly increased serum 
total protein concentration in broilers, suggesting that the 
result depend on the mode of administration. 

Garlic oral administration used as a phyto-additive via 
drinking water induced a significant drop in serum urea 
content. According to Pritchard et al.4°, the decrease in serum 
urea concentration (hypo-uremia) may be due _ to 
dehydration, anorexia, kidney damage, etc., but more so to 
advanced liver failure (cirrhosis). In the present study, this 
reduction was due to the dehydration of broilers induced by 
the incorporation of Allium sativum into their drinking water, 
which significantly reduced their water consumption. Dietary 
incorporation of garlic in broilers’ feed resulted in a 
significant increase in serum creatinine content. This result 
contradicts Dieumou et al.5° findings which revealed that 
ginger and garlic essential oils administered by gavage at 
doses of 10, 20, and 40 mg/kg/day had no effect on serum 
creatinine content in broilers. In the same line, Oleforuh- 
Okoleh et al.49 reported that 50 ml of aqueous extract of the 
ginger-garlic mixture per liter of drinking water had no 
significant effect on urea concentration in broilers serum. 

The inclusion of garlic in feed and drinking water 
induced a significant decrease in serum total cholesterol 
content compared to positive control. This result 
corroborates that of Onyimonyi et al 5! who recorded a 
decrease in cholesterol levels with increasing levels of 
garlic in the Diets. Ao et al.52 also reported that the addition 
of 0.2% fermented garlic to a broiler diet, containing 
soybean oil as the sole fat source, significantly lowered 
serum total cholesterol levels. According to Issa and 
Omer®? garlic powder at different concentrations induced a 
significant decrease in the mean value of total cholesterol. 
This could be due to garlic's hypocholesterolemia activity*+. 
Garlic has been shown to have cholesterol-lowering and 
lipid-lowering properties that act on the liver®>. This result 
contradicts the findings of Amouzmehr et al.3? who 
reported that adding garlic at 0.3% and 0.6% to broiler 
diets did not affect serum cholesterol levels in broilers. 
This study revealed that supplementing broilers’ diets with 
garlic had no significant effect on serum triglyceride levels 
regardless of the mode of administration. This result is 
contrary to Prasad et al.°4 and Issa and Omer *? who reported 
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that garlic powder at different concentrations induced a 
significant decrease in serum triglyceride levels. 

Supplementing broilers’ diet with Allium sativum, has no 
significant effect on serum LDL-cholesterol level regardless of 
the mode of administration, as well as that of HDL- 
cholesterol through drinking water. This result is contrary to 
the findings of Issa and Omer? who reported that dietary 
supplementation of garlic powder at different concentrations 
caused a significant decrease in mean LDL-cholesterol values 
while serum HDL-cholesterol concentration significantly 
increased in chickens up to 8 weeks of age compared to the 
control group. Similarly, Mansoub5® reported that 
supplementing chicken feed with 1g Allium sativum/kg 
reduced LDL cholesterol and triglyceride levels. Work by 
Rahimi et al.5” on this same phytobiotic revealed an increase 
in HDL cholesterol levels. According to Choi et al.58, 
supplementation of broilers diets with 5% or 3% garlic 
powder and a-tocopherol significantly reduces total low- 
density lipoprotein (LDL) cholesterol levels and increases 
high-density lipoprotein (HDL) cholesterol levels. 

The present study revealed that oral administration of 
garlic had no significant effect on feed digestibility 
whatever the mode of administration (water or feed). 
However, although not significant, the digestibility of DM, 
OM, CP, and NDF tended to increase with the incorporation 
of Allium sativum in the drinking water. This result is 
similar to that of Issa and Abo Omar 53 who reported that 
garlic powder incorporated at rates of 0.2 or 0.4% into the 
diets increased feed digestibility in broilers. The trend 
towards improved digestibility of feed components 
recorded in this study could be linked to the ability of 
active ingredients such as phenols and flavonoids present 
in garlic to destroy pathogenic micro-organisms in the 
digestive system, resulting in an increase in the number of 
beneficial bacteria in the broilers gut. The active 
ingredients in plants and spices act on the balance of the 
intestinal flora by activating digestibility and stimulating 
the secretion of endogenous digestive enzymes, thereby 
improving feed digestibility and growth performance5?. 


5. Conclusion 


The result of the present work suggests that garlic 
compounds are well preserved in the supplemented diet 
and can be administered via feed (5 g/kg) or drinking 
water (5 g/liter) as an alternative to growth-promoting 
antibiotics to improve the growth performance of broilers, 
without adversely affecting liver and kidney function and 
alleviate consumer concerns about bacterial resistance and 
antibiotic residues in poultry products. It would be 
desirable to extract, isolate, and quantify the main 
bioactive compounds present in Allium sativum, and to 
assess their individual effects on growth performance and 
markers of kidney and liver function in broilers. 
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